Amplification of the gamma-irradiation-induced cell death pathway by reactive oxygen species in human U937 cells.
Given the critical involvement of reactive oxygen species (ROS) in cell death, their hierarchical status in the cell pathway has been analyzed by many investigators. However, it has been shown that ROS can act either upstream or downstream of various death mediators depending on experimental settings. To investigate whether the contrasting relationships may exist in a single model system, human U937 cells were irradiated with lethal doses of gamma-rays. This resulted in a promotion of mitochondrial ROS production, which was found to be induced via sequential actions of c-Jun N-terminal kinase (JNK), Bax, and caspase-3. Interestingly, the induced ROS, in turn, re-activated JNK, Bax, and caspase-3 in the same model system. Consistently, the blockade of Bax action by RNA interference or Bcl-2 overexpression abolished the activation of JNK induced after, but not before, the production of ROS. Bcl-2 overexpression also blocked the translocation of Bax from the cytosol to the mitochondria only after the induction of ROS. Functional analyses revealed that the initial ROS-independent activations of JNK, Bax, and caspase-3 are not sufficient for cell death, and thus, should be re-activated by ROS in order to kill the cells. These findings suggest that ROS do not simply mediate the lethal action of gamma-irradiation, but actually amplify it by forming a feedback loop between a downstream effector caspase and the upstream initiation signals leading to the activation of JNK. This role for ROS appears to allow Bcl-2 to block the signaling events, which are initially induced upstream.